fed diet 


¥ 
eres Wied lk wet wrt 
SOBA ane 

4 


randy ra vad 


oo 


SUL ne Di. 


oss 40 Gothateed 


Hi a Th Ae aa soa 


FORD Pe wre 


OF dR et 
‘ o) 


i Moved 4g 


rt Wiis: 


4 
asa Le AURA 
mt 


YW 
Kitgbewsior 4 
Cath ded 


eat 


Ean de ieararhat ye ed 
4 


ate Sry 


Ha he A 


ety oF 
WH coerie thd 


es i) yk wed 
iy 


iia RO 


Dot gow Tbe a Ae gee a 
"ey me Manat 


4 
i" lamin 
we edae 


paw 


i a dL shy 


beady! 


i ib hed ol 
Ae na 
{ ¥ inter agiw bhava ae 


ai H ‘ 
dU ote aH Ss 


riod § 
Heal wee 


4 
Pe ect 


hoy adiked fh vat 
i eal et 


Pieatad a aki wed data 


pyr oO Tb i 


tow 


i 
Hided bo Peete wi 


fl 


atin aacaaaed tnt 


in yee wl 
Heath both seo Netitsta! 
DRS eat eNO 


iH 
mi Sih Atal 


We 
eh We ek vad 


AA 


ie 
Cen Mer iet 


wy id ROCA ; 


33 
3 Ten ett 
is yD ie ite ill Ni ih 
4 


Ve 
feted 


RRR He 


aaah Wie Maar 


a) 
Py DOME 
med iy oa lot aye My! 


Lae tee 


PPA i) 
2 , 


doa 
peal, 


ay ite veadiba 
oi Leos 


i 4 
Cte ee 


Mier New 
seater eame 
Carat er aut 


re dette 
Shay OTR ACE a Ne 
44 j 


ton i iy hobs 
Wobaty +80, 


tah, ai 
uy eke iY "isu 
i A, va shiliatl sk 


« 
ob an be 
Bd Bee m8 oy 

TOOL OE. 
ha att 


i Ar 


Os Dae 4 f nek i 
‘ ( Vd ad 


As 


el A; 
4a tle tal ; ii *, ‘a 
Kile. 
He hi ey a Mf Cie 
ha deine 


Wa Dats 
Y 


wl os 
wie a tN 
rt 


I ii 
ay ts ae i SHOR i i it 


are a 


: inh wed 8 wah Wn in) 
fed dell La 


jase wie wD 
rretevanth ei 
ha 

is 


nu 4 Uo 
f, val Ha La 
Wn Aid me ’ ie fs 


ey nA i 


N 


on eh 
ORT eat 


Pil) 


hd bh 
Fy Dar 
isbn ‘ie 
os se marie 
htt 


Da i 


Wath 


with 
Puy My 


i} oot rin LW Kalin Si "5" 4 ati wit 


aye 
iw dated hat 


nd 


iM Oe 


4 

Gavia! nahin if 

Wetbaths pat 
Pihoasdtat 

einai 


oh 4 ih Hy 
4 of ny AY 4. if nn 
Tea 


t 
TAU [ihaguets 
UCR iF ai 
Wi ae 
jas 


a 
Ah ys ini ai! hee 
4 


(gael ne 


i. iD Mal "i far 
“il 


14 as 


Hei hon Mat (if i 


Wl ood 
ttt hile {| 


ail 4 
ma tagti iba 


in oe ue imal th i iia 


(io Sf 
DOE 
=| 


ibe sihel 
Seah his 
aH 
it 


et) nn 

wiry dana ad 
a SO MAUNA KT 
Yodo it ' 


3 . 
en Pewee hehe 
ERAS 


=i vital 
teat Py i 
A? 2 an on Dey 
yl Anite ath 
sed Seen 


ype cash 
a) 


Fai" 
weet 


Ht ig i 


Woe et ha 
manners 


SOR PUN Met aon ina 
ieotiatttte ¥ 
Ol ek eas 
nS Ma 
Vil tte J 
‘ Saye 
“as LSS 
CA wey 


ahs 
Down’ 


eH SPI sta ON eat | 
0 b8 mie rhs el 


ort 


teh 2 
vadeae ear Bed abou 
rye Pres et 

er a aL hide 


elt Nob raed pera on Hah At PAD ot 


Wat 


A ihe hae 


inal dedencie! 
BA AUN 
Me vay aie 


epee 
bt spl be how” 


=f ist 


hate Mie 


as it ied aa eit 
eh weehawe 
PAP Paakoe pS gol 


EAP ENED A aE Ar aie re vw 


ek ae 

wo on re Hy 
Wath Weenie hoe 
Doe rth on eri 


Sawin 
i ea 


i 
1 too ier on , 
i) MH 


Cn Wi} weer 
thew ie Coren i cet 


tid athe 


ad 
MI ih wae 


ah 
re oT bys “ bw ise dd wis 
A Hee wi ay bewih in 
ey wa inside 
rf wide 
ye Hh it RR 
ee ear (Stott ia Ua ata ap 
a ages tite bhp bP AU way VN 


Fook sd ie 


tata aeaii 

" y 

{ ud an et 
MY si aN ‘ asia 


oe 


a 


Toc 18 ai 
Eerie re ts 
WM iat tila: “a 
Wid eer ih fhm oe Nf 
Hs he ve aan ye ran 
ey peda hip ai 


4c seth 


wit 
ee 


shah gor 


Pui Bh WN 4 
F aiah i) 
vis 


Md thei ( 


i hel 
ef WA the Py Oy ay ye i aes 
sth he rd ten 
We ihre 
su! bea 4 tH mala 
H Alig 
a ange i 
ane 
oe : i anes 
Brenner 
Tita Wy deo 


tye 


ie 


tesdilt 
i ay enacts 
Pen 


ee ee “0 ¢ 
BUTE PS ei 


his that 
fee: 


eves een. 
oi i ees ) BN pits a 


i me ae the fl 


eee a4 


k He y ot 


sae ails 
wel 


ite iy a Wile Ay 
ok ( ds iat CuTBiH| 
ad Feed gh ul lt 
i ‘ie +f fae BAN) vi " 
( Mowatheite ; 
‘ ON SUM ait i 
} ty i aie phe ve 
* 
as i hela mate 


re 
i) 


ua) 
ce 


i ah i oy i Mer 
‘ PON RH i ii ilaitig ai ii by 
j rae ita Baie 
ahi Pruitt 


Baie 


vie 


fi 
ciel 
Oe 


(ta t 
i suis fh 
ee) vie if 


teh i 
Hee 

ig 
nets 


ii ‘ir ba " is 
te it an 
i i Ae 


RETRY 
a ee 


SiG 


Hebel 
{ De My a 


cere) 
ai feta 
i 


i 
Re tiant 
i “ ena oe 
oo a 


i) i) 
ii 


i 
ale i 
Dtaistr 
he Nt ow 


ToT 
whine acta 
adit at 
ata AY | 


ay ia! iy mis 
ae 


= lh ae ve 

ee ce 

eal 
ae ry its 


HW 
i Ks bea sth 
Wo Aadataea it bale 


ti 
i) f 
to Pe aWeite 
( su {aan Ne 


tee aa Hi 3 
Care Se 


it ii 


a rat * ia, a 
RARE at 


eh 
i ae i 


ee a i) vay 


ae Ai 


i 
bani MGs 


H ft 
ie ae 


i iN 


4 Wide f vi 
OC wha Ads ing Nt Voit i AOE 
Se Vie qty te) Bie ae Vi. Mi * Hah ir idy's sgh 


sia ina 1 Ue 
i 1 iy 
Myth iM nen ‘ i 


a atl q 
Pea ne a 

telat 

cay 


ae fe P De t f 
it ’ , 7 ats i 
eH By tH Ht "4 ai dana sd th 
CERI ted a) ih : i 
opt si a a LP, Wit" i i it 8) Hei Wh 
eth 


i ine) 
athe nye 
edo 


Pitan ries 
faite 


Hy 


Ce 
Woe Foe uegeaht Honk 5 


bounties 
‘i ” 
pan yt Wht 


eo anni STORE AP og tm ibe| 


os 


Sones slice 


aint 


BUiby tol wy 
Hit atti 


Cats) a 
heii 
BON 


oh) 


i ei 
Woda 


Haw Pei ethe wih A wey wa 
7 CUCL f 


we vai OP BOA) 94 


Son ow 
iiceeceetey 
eth Hh ht 


Osea iio 
eit pry 87 2G 
rae te bg be ibs 
ss aananci med iy bree 
Wa 988 at rt ot 
relay ah awn ‘i Bin inant 

rien) 
ww 


inn sh 


lettin he on 


pena sheet at 


telat 
i “i Ff fu} 
f vie aut 


“ig ily 


sitesi 


is cue 7 "7 vate 
ne is es a 


can 

ies ring qe 
ie i ie : 

i 


: ae 


4 
ie ih t 


sth Gri sea 
eel ci 
8 ie cee 


‘hs 
iW ie ie i 
ah a: y ne "94 


" is He 4) ig 


f ti ACh 


i 
ie pt ai sr 
Ge aenes 


Cant 


pale 
eine 


fa i) 


erie 


ie i 


i us 


ak 
ne 


= hah 


i A} 
Noa ne ue 
a Be ae a nee 


3) 


el 
We 


iv 
att a iis 
pet 
aaa 
a tit 


a i: 


Tia 


Cat ty 
HUAN i 
Al ni 
ina 
Dott? ely, 


’ MANS 
idan satan) i i 
ares DAW 


i tite Sein ni 


singe NU seat wn 


we Wd 
Do Ob ath eR A arti 4 


shies wag 
=u Tae 
ai uty petaibed ae 


f era jet His ths iy 


vi Naat, 
bite stp ii analtic 
Bat ‘psi je aan 


ne 
lah a Mis) 
fh) ih fii 
} pea 
ay ane Hy 


eat : iat 
Hy a 


Bi 


oad 
tid 


a 


re 


i ft x ona ene Pe oy Od ohana 


avon 


v 
PEA 2H AR 
eis inesiebere 
oe shrseswoilew % 
it Wd Way eH 


1: wets 
oh ts 


a 
ry 


WAS 
mot 


rate 


yi aa ay 


ye) 
shen 
a 


Leia 
Dalles 
wi: 


swonmie rive 


‘Nh ot 
EF elcome ORL 8 tie tr talk 


TU Sahel 


Tee 


Creer eae tnt ie 
vel Th he bad Debut) 
Ailes orb ony 


os 


ioe oy 
coat 1 An hy: fi 


i tt ett 
Morb eleepeswetrntn sc 
* tent Hat 
Hatten ae ca rate 


eras 


sath sheds 


iJ 

ae ay 

in any 
idan 


Eh poe estat 
; ofaaott at 


Fri 
nite 


aoe see 
v nt " 


Biv intl aaa arty pis ee i in 


pl (i iaeas| ib Ane) ay iets 


Tans a aoa 
ne is orto 


ns 


ve 


i 


ata? 
el iis i tah 
ie: act i 
mi i ‘aia 


i pat i ri 


aes Ss detat 


ay 
jai 


ie ia 


ai ne 
erat ii 
ae had ath 


(ociah wn wien 
schasesésrbeta Wert 
ar Wb iret: mats rele 

i iaasart f (ron ne ts is onwarin tis Whee he 
4 ea Phe Nw por igre ihe 

rf My ih aKGs in pet 


tee ieioat 
J 
fea 
fy} 


ome ieee aes i F 
he 
tir he OShaa eet ee 


. Sienna * +4} 
ee yune 
pear iin by hepee, 
ae 
a si » 


él nase ae 
Weetoor fal bree 


iat Cait 
“ ae bee 
Peter ts 
ae iv tithedeucn 
gies 


i bite 


hee 
abu 
wh iets bs 


ph ihe It 
part rf 
CR Bp 

fea 

naa 


4 sara 
ae 


ae 


a ae 
ee it : pe 


fiihdlentaa 


ie ee 


ene 


tae a as 


hab 
. . b 


oe 


o f oe 


ah 
iy oe 
Mi ete iin nt 
ih ie on 


ii 
_ 


ih 


nit I 


i 
done 
pines 
une a 


See ail 
ra ad Cote ny 


i) os 


HI) 
ose 

aM yi 

RAR 


ae Heal 
Ne te 


a 


ft ae waagse Rt is 
ne Hs me RS aca te 


yr 


ae ey tanieistatan ay 
Me ay Renee erat ns 


PUR Rath 
yen at i 
bi |} 


i 
% 
see 
on 
on 


iN 
ie we 


Ah aN, 


Sed 


Hos ne He ai 
nai at 
i ns a i te ati a 


sel rea at 


Hi 


hfe) 


a 


ie a sd 


‘in 


it 


meee iN 


au aoe 


o 


ne Han Try 
tise cnat: routing wit N 


O20 (ti fF 
etbeit 
ide 


wens 
Wnty 


ee 


gan eant a 


rh ian 
ry 
M4 


iain ash 


Wal 
DLR 
ALLA 


2s ihsh¥ty 
eT < AP's iP! 
pO rbpG tA 


ease 
DAU Re 


wb 
sorte ipl 


WH Nb V9 
Vaal fife scan 
i i iat ee 

mre rete 
gM et i es 


ie bi 
fies 


_ ae inane 
eee ae 
ue a 

ee Eat aie i 


i 


thee th = 
ees ob Goes 


ae Sets 
= en ah he Eig pe et 
pees Chea 


vont 
bya. al 


” ris 


(i iti 
ie 


i 


“ait 


ee 
is HOY Ff is 


Mat i 

a 
“F 
Co 


if rl 


a Hy 
Bae } 
a 


bay aa i 
yh Wal a 
ao 


a 
‘tat 


tah i 


A) Fi, 
ita 


Cours 
The 


He pbs hated 


oo {i 
Gacrt paiapiaaee 
ie f+ 


ae 


aya) “anus svebs 


ee 


ee 


bi 
Ht 


Soa at 
re 


i 





He a 


Beh 


oeaee thr ey fam} poe 
ot ate Are erat hath shacint pont 
mayer nner yids eit ed ps hi zat 
Musas Sed Pathe 
imine ps irae Stig i”; 


Beware 
Si dint ke 


aii 
nly aia Cian 
ih Seleee anes hye te 
91 at el bea 
sit at cera heheh eY aatyeres 
Agata hii ei 
per 
ete ea 
i Pi depend aha 
North 
olitiees 
rere gr a 


yes ei 


gate see 


cmbenocnane 


3b Eiht 


Pxiiathieeh 
peetinwh 
pit 


at ite 


Me tunabe 
ei ewew eit 


beh ete 
ay Faiths 
i 
ina pegs re 
Lh Nett aetgelr’ rit at 
Carga ceca 
“oti FOROre Fawr 


mrgenes arenes 
‘ye 

er ea oe 

i oe 


aUA 


7 St 
oe 
ii 


es 


ri 
eS 


ie oe 
fi lie 
re i 


tity fats cH 
ie ait te He 
ait ae or part 


a 


Sere 


S4 


STS 


= 


Ear 


ae it 
oo 


at 
iitasy tat 


PME Rp 


etn 
Hien 


Stn 
fi 


arent 

sao ai ra EOE 

ae Se ihe iat it 
HN 


AS AA ite 
ae igh tae 


anda 
Beit 


Ba 
ue 


Su Se 
i Ri ite ennai 


hs 


ea 


VOL. 27, NO. 9 AUGUST 1953 


Public Roads 


A JOURNAL O F HIGHWAY RESEARCH 











| PUBLISHED BY 
|THE BUREAU OF 
|_PUBLIC ROADS, 

U. S. DEPARTMENT 
| OF COMMERCE, 
WASHINGTON 








Bituminous-surfaced highway (U.S. 17) between Georgetown and Myrtle Beach, S. C. 





IN THIS ISSUE 


Studies of the Hardening Properties of 
Asphaltic Materials 


U. S. DEPARTMENT OF COMMERCE 
SINCLAIR WEEKS, Secretary 


BUREAU OF PUBLIC ROADS 
FRANCIS VY. du PONT, Commissioner 


A JOURNAL OF HIGHWAY RESEARCH 





Public Roads 


Vol. 27, No. 9 August 1953 


Published Bimonthly 
Edgar A. Stromberg, Editor 





BUREAU OF PUBLIC) ROAtre 
Washington 25, D. C. 


WESTERN HEADQUARTERS 
870 Market St. 
San Francisco 2, Calif, 


DIVISION OFFICES 


No. 1. 718 National Savings Bank Bldg., Albany 7, 
INGE e 


Connecticut, Maine, Massachusetts, New Hamp- 
shire, New Jersey, New York, Rhode Island, 
and Vermont. 


No. 2. 707 Earles Bldg., Hagerstown, Md. 
Delaware, District of Columbia, Maryland, Ohio, 
Pennsylvania, Virginia, and West Virginia. 


No. 3. 50 Seventh St., N. E., Atlanta 5, Ga. 
Alabama, Florida, Georgia, Mississippi, North 
Carolina, South Carolina, and Tennessee. 


No. 4. South Chicago Post Office, Chicago 17, Ill. 


Tilinois, Indiana, Kentucky, Michigan, and Wis- 
consin. 


No. 5. Federal Office Bldg., Kansas City 6, Mo. 
Iowa, Kansas, Minnesota, Missouri, Nebraska, 
North Dakota, and South Dakota. 


No. 6. 502 U. S. Courthouse, Forth Worth 2, Tex. 
Arkansas, Louisiana, Oklahoma, and Texas. 


No. 7. 870 Market St., San Francisco 2, Calif. 
Arizona, California, Nevada, and Hawaii. 


No. 8. 753 Morgan Bldg., Portland 8, Oreg. 
Idaho, Montana, Oregon, and Washington. 


No. 9. Denver Federal Center, Bldg. 40, Denver 2, 
Colo. 
Colorado, New Mexico, Utah, and Wyoming. 


No. 10. Federal Bldg., Juneau, Alaska. 
Alaska. 


PuBLIC ROADS is sold by the Superintendent of Documents, 
Government Printing Office, Washington 25, D. C., at $1 per 
year (foreign subscription $1.25) or 20 cents per single | 
copy. Free distribution is limited to public officials actu- 
ally engaged in planning or constructing highways, and to 
instructors of highway engineering. There are no vacan- 
cies in the free list at present. 

The printing of this publication has been approved by the 
Director of the Bureau of the Budget, January 4, 1952. 


Contents of this publication may be re- 
printed. Mention of source is requested. 





Studies of the Hardening Properties 
of Asphaltic Materials 


BY THE PHYSICAL RESEARCH BRANCH 
BUREAU OF PUBLIC ROADS 


Reported by JARL T. PAULS, 
Chief, Bituminous Section, 
and J. YORK WELBORN, 





Highway Physical Research Engineer 


The rate and amount of hardening of asphaltic materials is an important 
factor in the service behavior and life of bituminous pavements. 

This article describes several methods which can be used for evaluating the 
_hardening properties of asphaltic materials. Two methods, the abrasion test 
and the weathering-strength test, were developed and used for evaluating the 
hardening properties of a large number of asphaltic materials. These methods 
of test are based upon the changes in the physical properties of standard sand- 
asphalt mixtures during exposure to heat and air. The thin-film oven test, 
developed by the Bureau of Public Roads some years ago, was also used to 
evaluate the hardening of these asphaltic materials. Comparisons of the results 
of the abrasion test, the weathering-strength test, and the thin-film oven test 
show that the rate and amount of hardening of asphaltic materials can be deter- 


mined by any of these methods. 


cracking. 


ing point and decrease in ductility. 


MONG the many factors that may cause 

the failure of a bituminous pavement, 
the hardening properties of the bituminous 
material are highly important. A quantita- 
tive knowledge of the tendency of an asphalt 
to harden is one of the indispensable meas- 
ures in predicting the service behavior of 
a bituminous pavement. Investigations 
have shown that pavement failures increase 
when the penetration of the asphalt drops 
to certain critical values, which vary some- 
what depending upon such factors as cli- 


mate, flexibility of base and subgrade, and 


traffic conditions. ° 

The hardening of an asphalt, as shown 
by a drop in its penetration, is accompanied 
by changes in other properties of the ma- 
terial. The test characteristics affected in- 
clude ductility, softening point, and the 
amount of material insoluble in selective 
solvents. Some of these properties often are 
altered to a greater degree than can be 
accounted for by the decrease in penetration 
alone. In this report the changes in the 
properties of the asphaltic materials are 
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From this study it is concluded that: 

1. Asphalts differ in their hardening properties, depending on the source 
of the crude petroleum and the methods used in their manufacture. 

2. When subjected to weathering, cracked asphalts become hard and brittle 
more rapidly than do uncracked asphalts and also develop a higher degree of 
hardness and brittleness, the rate of hardening increasing with the degree of 


3. Increase in hardness of the asphalt as indicated by decrease in penetra- 
tion is accompanied by changes in other properties, such as increase in soften- 


4. Since the thin-film oven test produces changes in the asphalt comparable 
to those produced by the other test methods and since it is a more rapid and 
simpler test to make, it is more suitable for use as a specification test. 


discussed mainly from the standpoint of 
the decrease in penetration induced by vari- 
ous weathering or exposure conditions. The 
discussion of other characteristics is sec- 
ondary, although they may be of equal or 
greater importance. 

Asphalt in thin films may harden very 
rapidly when subjected to high tempera- 
tures. In contrast to the normally slow rate 
of hardening of the binders that occurs in 
the finished pavement, the alteration in the 
test characteristics of asphalts that may 
occur under certain mixing and laying con- 
ditions may be striking. In fact, there are 
data that show that the loss in penetration 
occurring in the mixing and laying opera- 
tion may be greater than the loss subse- 
quently occurring in the pavement over 
a period of as much as 10 years after con- 
struction. 

In the mixing operation, because of the 
relatively large mass of the granular ma- 
terials, compared to the small mass of the 
asphalt, the temperatures of such materials 
at the time they are placed in the mixing 


box have a greater effect than does the 
temperature of the asphalt. Heating as- 
phalts in a large mass, such as is done in 
storage tanks at the mixing plant, does not 
lower their penetration appreciably. It is 
only when the asphalt coats the hot stone 
particles as a thin film in the mixing box 
that the conditions most favorable to rapid 
hardening are obtained. 

Present information indicates that aggre- 
gate temperatures lower than 300°F. at 
the time of mixing are not particularly 
damaging to the more normal asphalts. 
However, many asphalts are adversely af- 
fected at only slightly higher temperatures, 
with rapidly increasing loss in penetration 
occurring with increasingly higher tempera- 
tures. Even when precautions are taken to 
reduce the damage to the asphalts which 
occurs in the mixing operations, particularly 
by keeping the mixing temperature only as 
high as required to obtain a good coating 
of the stone particles, the amount of harden- 
ing of the asphalt occurring in the mixing 
ana laying operations and in subsequent 
service may nevertheless differ widely for 
different asphalts, depending on the source 
of the crude petroleum from which the as- 
phalt is produced and the methods used in 
its refining. 


Conclusions 


From the studies made, it may be con- 
cluded that: 

1. This investigation substantiates the 
fact developed by previous investigations 
that the hardening of asphalts caused by 
weathering is evidenced by a decrease in 
penetration and ductility and an increase 
in softening point. 

2. Asphalts differ in their hardening prop- 
erties, depending on the source of the crude 
petroleum and on the method of refining. 

3. When subjected to weathering, asphalts 
that have been severely cracked in manu- 
facture harden and develop brittleness more 
rapidly and to a greater degree than those 
that are not cracked. The rate of harden- 
ing increases with the degree of cracking. 

4, The following tests have been found to 
be useful for obtaining a measure of the 
resistance of asphalts to heat or weathering 
as evidenced by rapidity and degree of 
hardening: 
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Table 1.—Source of crude and method of refining asphalt cements the hardening of the asphalt is measured 
directly (rather than indirectly as in th 
Identification and source of crude (or where used) Method of refining case of the abrasion test and weathering- 
re ; tT —sstrength test), and because the test does 
Be pa petrgs ka not require the extraction and recovery of 
Dieu the asphalt, as in the case of the Shattuck 
ipe still, vacuum. 

Do. test and outdoor exposure tests, and thus 

Dee eliminates any uncertainty regarding the 
Pelee effect of the recovery procedure on the 


Do. | characteristics of the weathered asphalt. 
Do. (highly cracked), 


bat cracking process (highly cracked). Tests of Hardening Properties 
oO 











3. Wyoming Fire and steam (slightly cracked). The standar sed for ermin- 
- Mexican (Panto) as-is concer cici eee ee sical Steam, Trumble pipe still (slightly cracked). st ard test now used for det 


ing the hardening properties of asphalts 
: "Gslumbia Pipe still, vacuum. is the test for loss on heating and the pene- 
. Venezuela Air and ateam (slightly cracked). tration test on the residue. In this test 
D Pipe still, vacuum. 3 | 
Vacuum at low temperature. a 50-gram sample of asphalt is placed in|) 
Vacuum, 89 mp. flux. 0 c é a 
a metal container of such dimensions that | 
. Kentucky and Illinois Fire and steam, probably blown. 

a Trinidad Lats Fhixed, the sample has a surface area of about 3.78 

. Bermudez Lake Fluxed. square inches and a depth of about thirteen- 


; pee Ried? Toland sixteenths of aninch. The sample is heated 
in an oven at 325°F. for 5 hours, after) 
pete on tbiee which the percentage loss of material and 
. California the loss in penetration are determined. It 
Panera: is generally agreed that, because of the 
relatively large depth of the sample with) 
correspondingly small surface area, the con- 
ditions of this test are not sufficiently severe. 
. Field sample, Virginia to evaluate the relative hardening proper- 

= Californias fave n= sata oles ores Pigs ag eee ele ‘ ties of asphalt. i 
: enti eee tips Another test of loss on heating is the thin-| 


film oven test,’ which appears to be a very 


§. Field sample, Virginia 





1The properties of the residues of 50-60 and 85-) 
100 penetration asphalts from oven tests and ex-) 
posure, by R. H. Lewis and J. Y. Welborn. PUBLIC) 
. Venezuela 5 5 Roaps, vol. 22, No. 2, April 1941. Behavior of asphalts| 
. Kentucky ; in thin-film oven test, by R. H. Lewis and W. J.) 
Halstead. PuBLIC RoAps, vol. 24, No. 8, April-May-| 
June 1946. q 





if 





= 







































































(a) The abrasion test, in which resistance 8.01 AT 8 HOURS 
to abrasion of a standard asphalt mixture 30 hae 
is inversely proportional to the hardness j 
of the asphalt. = 7.31 AT 8 HOURS 
(b) The weathering-strength test, in 3.00 s 11 KENTUCKY oe 
which increase in compressive strength of ro) (POS.) 
a standard asphaltic mixture is generally 2 
proportional to the hardness of the asphalt. a 
(c) The Shattuck test, in which the hard- © A 
ness characteristics of the asphalt in a 3 
standard mixture are determined after the © 
mixture has been exposed to heat ina stand- @ 900 I 
ard manner. & [ | 
(d) Outdoor exposure, in which the hard- W 24 CALIFORNIA | 
ness characteristics of the asphalt contained 5 ° (NEG) | 
in a standard asphaltic mixture are de- x D3 917 VENEZUELA | 
termined after exposure of the mixture to = 0 (POS.) | 
natural weathering. - CALIFORNIA KY. OR ILL. | 
(e) The thin-film oven test, in which the y : seh 1g MEXICAN 328 (wes) | | 
hardness characteristics of the asphalt are 3 |°° eee er [ V t (POS.) 10 pene 
determined after it has been exposed to & (| ; 
heat in an oven. ! O04 ae: KANSAS 
5. With any of the above-mentioned % VENEZUELA} | i ee 
methods of test the same degree of harden- & 2° (NEG) 4 | (NEG.) i setinle 
ing can be obtained by varying the time or of $8 VENEZUELA lig KY. OR ILL. 
temperature of exposure. Af) foe 918 NEG.) af 835 Wee 
eface Og Po | f : 
6. Of the test methods enumerated above, ‘eae lo -sron——e O21 (NEG) 
the thin-film oven test is the most suitable 8 ine 8 eee 2: 8 
for use as a specification test because it HOURS WEATHERED IN OVEN AT 325° F. 
requires the least amount of time, because Figure 1.—Results of abrasion test on asphalt cements weathered at 325 °F. 
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Table 2.—Results 


Identification and source of asphalt 


of abrasion test on asphalt cements after oven weathering at 325° F. 
Tests on the original asphalt Abrasion loss! after oven-weathering at 325° F. for— 


rene Xylene Penetra- 
Oliensis spot i tion at 44 hour 1 hour 2 hours 4 hours 8 hours 
test 77° BF 





. Wyoming 
. Mexican 


. Columbia 
. Venezuela 


. Kentucky and Illinois 
. Trinidad Lake 

. Bermudez Lake 

. California 


. Field sample, Virginia 
. Venezuela 

. Kentucky or Illinois 

. California 


. Field sample, Virginia 

. California 

. Field sample, Rhode Island 
. Venezuela 


. Venezuela 
. Kentucky 





tJ_oss in grams of mixture per 1,000 grams of shot. 


satisfactory method for evaluating the 
hardening properties of asphalts. In this 
test a 50-milliliter (approximately 50 gram) 
‘sample is placed in a tin 5.5 inches in di- 
‘ameter. Thus, its surface area is nearly 24 
square inches and its depth is approximately 
one-eighth inch. As in the standard test, 
the sample is heated in an oven at 325°F. 
for 5 hours, after which the penetration, 


softening point, and ductility are deter- 


‘ 


. 


mined. 
Some investigators have preferred to 











Gms. 
Negative... . 

















Positive.... 





Negative 
Positive.... 
Negative 




















. Negative 














¢ Probably blown. 


study the effect of heat on asphaltic ma- which is similar to that developed by H. N. 
terials by subjecting aggregate mixtures Hveem,’ and the weathering-strength test. 
containing these asphalts to some type of 

heat test, and then testing either the mix- The Abrasion Test 

ture by some physical test or the extracted 
and recovered asphalt for penetration, 
ductility, and softening point. 

Two types of tests, both based on the “ j wetteit is: 
changes occurring in the physical proper- Pee eeeeen ie ar aeene et mice ee eS 
ties of standard mixtures after exposure to Eee DEO ne Ge abiaawA 

i valuati sp s by é 7) 
heat and air, were developed and used for test, by J. T. Pauls and R. A. Peck. Proceedings 


this study. These were the abrasion test, pee ee PEL ALN ED TIE A PA 


The abrasion test,® as made by the Bureau 
of Public Roads laboratory, was originally 















































Table 3.—Results of abrasion test on liquid asphalts after oven weathering at 325° F. 
Tests on the distillation residue Abrasion loss! after oven-weathering at 325° F. for— 
Identification and source of asphaltic material Serie <i x = ay | An eh eee 
enetra- ane ; 
° Ductility | Scftening 4 : 
Spot test ae na at 77° F. point None 14 heur 1 hour 2 hours 4 hours 8 hours 
; Cm. Cm. OU. Gms. Gms. Gms. Gms. Gms. Gms. 
iL Ca nsagy by Game wits Re ie adie Biaeens 8 obec «0 Negative. sis ane sees 78 170 123 4.76 0.36 Tilire 1.42 1.81 2.02 
Ope til lets ine cusa ss i-usraeee ates, bys, 66: pia oils Oa Biedeet ote tke 82 130 124 3.07 59 73 1.31 1.59 1.96 
: Osetia Weudte tens leyeitsushenc. aketeteesbavenlt a ontee/ Positive'?isn.c.m.s6e% 95 132 114 9.03 32 2.11 3.55 4.80 6.26 
Me TCATIGHS.) NE Codie ere pence ety vavevinsnoies digeaoiee Negative. Hh eissi aves 196 90 124 2.12 10 13 21 46 1.02 
Oe ors ae teat teen mer so-cinhy oc: Pick oe On Shot deiedesctons 246 70 126 .33 O01 03 10 18 .36 
; DO reheat ere he aa Ee aa Positive? wines see 158 80 126 2.46 BAG. 1.05 2.40 3.82 6.12 
eee IVGGhIgAn, SCoLE,.. cco fevees sie oh oineldies MS etd rn eee a es cod cfs b SOO kGl LOR OROROI Cl IRR CRORE cee al Cire ich Neer .09 .02 .05 .14 .68 
L-8. DO Wie aAe shia tineeth eee aaa alaseerels PGSiti vei Men cMtA| Sia era cisieas [igtoratonel cuabaleltitctata ore muckstewe | aicueceleve te a ee YA 3.19 11.30 23 .95 34.25 
1 Loss in grams of mixture per 1,000 grams of shot. * Highly cracked. 
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Gleae 











while being tested. In the Public Roads 
laboratory the test is made at 77°F., where- 
as California uses 60°F. One would expect 
somewhat higher abrasion losses with the 
lower test temperature, other test condi- 
tions being the same. Exact control of the 
test temperature is most important in mak- 
ing this test because any change or dif- 
ference in temperature quickly affects the 
consistency of the asphalt film on the sur-- 










6.26 AT 8 HOURS 
L-3 (POSITIVE SPOT) 


6.12 AT 8 HOURS 34.25 AT 8 HOURS 
L-6 (POSITIVE SPOT) L-8 (POSITIVE SPOT) 








3.00 











PL-| 








NEGATIVE face of the sand particles and, consequently, 
y SPOT the abrasion loss. 
a PL-2 Abrasion losses were determined for oven- 





weathering periods ranging from 15 min- 
utes to 8 hours, and for longer periods in 
a few instances. Weathering at a tempera- 
ture of 325°F. for periods longer than 8 
hours appeared to have no particular value 
although, as would be expected, the abrasion 
loss increased with an increase.in the dura- 
tion of the oven exposure. 

Uniform oven weathering of the test 
specimens was not obtained in the early 
test work. Using a forced-draft type oven, 
the degree of weathering was found to differ 
considerably depending on the position of 
the individual test specimen in the oven. 
4 8 Ovino mrs 8 This variation in weathering was largely 

HOURS WEATHERED IN OVEN AT 325° F eliminated by placing the test specimens 
Figure 2.—Results of abrasion test on liquid asphalts weathered at 325 °F. in an oven pan slightly deeper than the 
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NEGATIVE 
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LOSS - GRAMS OF MIXTURE PER 1000 GRAMS OF SHOT 
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described in a paper presented at the meet- 
ing of the Association of Asphalt Paving 
Technologists at St. Louis in 1950. The | 
present paper includes the data from the WEATHERING IN WEATHEROMETER WEATHERING IN OVEN 
original paper and also the results of addi- CARBON ARC LIGHT -140°F. HEAT -140°F. 
tional work done subsequent to that time. 

Essentially, the abrasion test consists of 
the determination of the loss in weight of 4.0 
an asphaltic mixture resulting from drop- 
ping a definite quantity of shot from a 
height of 1 meter onto the revolving hori- 
zontal surface of the weathered test speci- 
men. It is assumed that the amount of 
loss, from the abrasive action of the shot, 
is directly related to the hardness of the 
asphalt. 

In the California procedure developed by 
Hveem, molded mixtures of Ottawa sand 
and asphalt are weathered in a special 
weathering machine which employs an air 
temperature of 140°F. and direct rays of 
standard drying lamps, which emit the bulk 
of their energy in the infrared band. One 
cycle requires 5 hours of exposure and the 
complete test consists of nine cycles. In 
the Public Roads procedure, the test speci- 
mens are weathered in an oven at 325°F. 
for various periods of time from 15 minutes 
to 8 hours. 

The important difference between the 1.0 
Public Roads test and the California test 
is in the weathering of the specimens. 

Oven weathering at 325°F., the procedure 1O-KAN.(POS.) 











l11- KENTUCKY sige 





3.0 
It- KENTUCKY (POS. 














2.0 
2= CAL. (NEG. 


8-— KAN.(NEG. 


LOSS - GRAMS OF MIXTURE PER 1000 GRAMS OF SHOT 


























- KAN. - 
used in this study, is more rapid and if, as Seen ee 
is believed, it evaluates the hardening prop- ——— a 
erties of the materials properly, it has this a ae oe | 
advantage over the less severe and more 18-VEN.(NEG.) | 
time-consuming procedure used by Hveem. Oo 100 200 300 400 100 200 300 400 
Another difference in procedure is in the HOURS WEATHERING AT 140° F. 


temperature at which the specimen is held Figure 3.—Results of abrasion test on asphalt cements weathered at 140° F. 
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Table 4.—Comparative abrasion losses of asphalt cements after weathering at low 
temperature in oven and in weatherometer at 140° F. 


Identification and source of asphalt 


Weather- 
ometer 


64 hours 


Abrasion loss! after weathering at 140° F. for— 


192 hours 400 hours 


Weather- 
ometer 


Weather- 


Oven ometer 


ty 
Oven 





. California 
. Venezuela 


. Kansas (highly ctacked) 
. Kentucky (highly cracked) 
. Wyoming (slightly cracked) 





. Mexican (slightly cracked) 
. Venezuela (slightly cracked)... . 
. Venezuela 


1 Loss in grams of mixture per 1,000 grams of shot. 


height of the specimens and covering the 
pan with a fine wire screen, thus reducing 
‘the air currents around the specimens. 
Very uniform weathering conditions were 
obtained by following this procedure. 

In order to make a direct comparison be- 
tween the result of slow and rapid weather- 
ing, two limited series of tests were made 
in which the weathering temperature was 
140°F. One of these utilized a conven- 
tional weatherometer with carbon-arc 
lamps and controlled ventilators for main- 
taining the desired temperature, and the 
other series was weathered in an electric 
oven set to maintain a temperature of 140°F. 
The results of these comparative tests are 
included in this report. The details of the 
abrasion test are described on page 199. 


The Weathering-Strength Test 


The weathering-strength test developed 
and used in this study is based on the find- 
ings of previous investigations that the 
compressive strength on cylindrical speci- 
mens of bituminous mixtures, composed of 
Ottawa sand and asphalt, when tested in 
compression without lateral support, is pri- 
marily a measure of the cohesive strength 
of the asphalt, a property closely related 
to its penetration or hardness. Accordingly, 
the test procedure consists of exposing 
molded cylindrical specimens of Ottawa 
sand and asphalt mixtures in an oven at 
325°F. for various periods of time and de- 
termining their compressive strengths. 

The difficulty of weathering molded cy- 
‘lindrical specimens of asphaltic mixtures 
at a temperature of 325°F. without having 
them deform was overcome by placing the 
test specimens in perforated oversize cans 
and filling the space between the specimen 
and the can with Ottawa sand. The support 
provided by the sand prevented the test 
specimens from deforming in all instances, 
even when weathering mixtures of low 
strength such as those composed of liquid 
asphalts. The details of the weathering- 
strength tests are given on page 201. 

A considerable number of asphaltic ma- 
terials were tested by the abrasion test and 
by the weathering-strength test in this 
study. They cover a range in type, grade, 
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10 
43 
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source, and method of refining. The source 
and method of refining are not known for 
a number of these materials and, in some 


instances, the only identification available ° 


is the location in which they were used. 
Table 1 lists the asphalt cements which 
were tested, with such information relative 
to the source of the crude and the method 
of refining as is available. 


Table 5.—Weathering-strength 


Abrasion Test on Asphalt Cements 


Test results on the original asphalt ce- 
ments and the results of the abrasion test 
are given in table 2. 

Generally low abrasion losses were ob- 
tained on all the negative-spot asphalts pre- 
pared from the midcontinent petroleums. 
Of the materials from this source, No. 21, 
made from Kentucky-Illinois petroleum and 
reported as probably blown, had the lowest 
loss in abrasion, 0.03 grams, after 8 hours 
of oven weathering. More typical abrasion 
losses on materials from this field were 
those obtained from Arkansas No. 20, Kan- 
sas No. 381, and Kentucky or Illinois No. 
35. They were 0.18, 0.64 and 0.17 grams, 
respectively. The highest losses for the 
negative-spot materials from the midcon- 
tinent petroleum area were 1.17 for Ken- 
tucky or Illinois No. 28, and 1.36 for Kan- 
sas No. 82. 

Very high losses were obtained on the 
highly cracked midcontinent materials Nos. 
11 and 12 from Kentucky, and No. 30 from 
Kansas. The loss on No. 11 after 8 hours 
of weathering was at the rate of 7.31 grams, 
on No. 12, 8.19 grams, and on No. 30, 8.01 


test results on asphalt cements 









































Hohe We aise Compressive strength at 77° F. after weathering for— 

Identification and source of asphalt nea Pene- 

Sra: vee 1 hour | 2 hours | 3 hours | 4 hours | 6 hours | 8 hours 

ceo 
Pst IPESks IAG IPA Past Piss 
TM Caltorniaseerrs see ce ee Negative. 54 72 136 99 264 323 851 
2. IO ere consteteesreness Seelie atte wisyorenare shee BG lot ecto 90 41 BAW Seah tes ZOS™ | eestetere tere 352 
3. WD Orrnaheceians cess eee iene do, 131 24 53 129 176 222 257. 
4 VGUCZUCIAS pee tke cre eaters oie ters Ghinscae 51 63 107 > TG! | 2 ecveientios 209 
5. Os auctetenceeih owe ia hei a-e- areed acelacenl | auays GOs 88 34 54S onekee S PLS ies ae ee 191 
6. Bike Mes cre cre ee he RP eek CCRC (eS dow ee 138 21 37 58 89 123 145 
LeGIRATIBASS cc ek ostr yc Cre Pete eclkelees GOMeam: 61 62 88 115 129 142 144 
8. TD Oster hae one asec ose are tes oases Caloloarre 83 40 OO haters, 103? (heeeeerce 117 
9. Doi aati iad wee ee ol cst Omer 137 19 37 49 76 100 111 
10. AD oye et 5 enti  cacttl Ger eon, Positive. . 92 14 18 20 au 22 29 
The Kentucky inet sites octane es rts (0 reece 87 115 111 45 46 50 47 
12. BR Yee can, Bis Pate ne cate Paolo Hl trowea Qari 102 115 Bel 45 45 Werteniaes 46 
LBS WYy OMINg Sarina terse open eos sketeee caave |e doe 95 33 (ee beaacrencnete LOSe lets. 116 
PAP Mexigan iio ccte ae eis ale orev cet oe Negative. 106 33 BOS Mrsectesee 3 EQO) | dienes =< 3 180 
15. Onis Cis cae a ccd a aeee Positive. . 101 31 G4 site seers LBP ols pincterd 131 
164 Columbishseeeseeeer te ere n ose Negative. 110 21 Ase eee TOS Aetette aes 162 
LZ, VOmOz Wel & aa ect she ts, ote aere drehe skeen 9.3 Positive. . 97 49 us 110 5 eras Grice 146 
18. dB jnpteen 3 SE Aik ita cere Gate Negative. 105 29 48 78 + bo al Lope He 156 
LOLPATKATISASE sues ei cette eticr: acimer tious GhDsi5% cio 96 18 33 50 63 96 119 
20. Doe rena haere lone doen 98 18 30 48 5D 89 97 
21. Kentucky and Illinois!. ........]... Glee one 105 14 DAT iBl lice 3 rote Ae ech tee 62 
22) Trintdaditakemeects there coe trite fell cetevore stereos 100 41 51 89 132 151 191 
23) Bermudez siakeaeioe-oc tate oe eieis oeelllos) oscar staiars) sus 102 47 (ial heoneeee 170 190 210 
24 California sv. tet atitins ctie ctecdete vis Negative 89 46 94 169 241 290 319 
25. Field sample, Rhode Island...... Pdi 65 32 59 87 112 146 191 
26. Field sample, Virginia........... re otee nae 89 25 42 62 90 132 158 
Dilied Vi CNEZUCTAS cee bie cctsance ohn edsl teeratees Spas Ori cane 64 60 86 118 135 152 174 
28. Kentucky and IIlinois........... dOnt 93 38 TPA sete SE 1G Usha iaraye ates 138 
2907 Calitorni itn. cok siete ulate sockets ar GOR ere 102 31 LOO! ecces oes 189. are ects. 342 
S02 Kangapnew Satan onscreen Positive. . 75 128 TU Sis eit ace OD ele weenie 102 
ole Doth + Rae eens Negative. 1h) 43 TAs Seve. LOA eas reeks 132 
32 DOs ecko pita, co ntbatd itary oe Bae OSA a: 76 29 OO hele oun tera LI Gistae ek: 149 
Bet AMATO NIN IY 4a5 oan b Gels one Onnuea de eG OF aes 85 27 AS eines ove DNA | es Reteecns.c 144 
Sat RANBABS ches heise ale, erate uloninepals res ate otra ni 87 29 CGY: Sl EA A reat ee OS: Wexeictatebecs 132 
35. Kentucky or Illinois............ ae, OOb mate 89 26 CE ae eae trad DP | evel sees 123 
36. Field sample, Virginia........... B30 OME: 67 47 SOL | secret: 169). |e cca se 250 
Ste California wen. sien oe ee ee. We -CO eters « 100 20 AN Were stener shat TOS le tavce ee 284 
39. Field sample, Rhode Island......|... olehy ara an 67 29 63: haat we 52a eer aay 237 
AQT VEN CZULELA, Preysieveiebena hs cueuenesete aeaeeus Bye eC Ovvan ech 86 36 GGiclis sree. soc DUS tle cmyegeasntas 169 
41 Op Attar bey ee encase Gr etek ecb sites do 67 24 O62] i aca: Ee canto ae 138 
AD PIKAN BAB Otter cee cents corte ot el occ (CO 5 ce 68 39 65) line LOG Pee. Gre 154 
43 Dosen «bss meses & BeCOmupte: 90 16 23 |yrowinen e-oke HOv lianas oh 117 
44 Oe Fee tecrevete estan cs ateins savas. a Oa eer 132 15 QB les speuelects HS le ac tities 100 
45s (Ohio Hac aaa etka oee tee dota 94 18 SO eet. aoe 6 Silicate ates 101 
46;°Venezuelanectecct oct see ce ee COR ee 54 44 GBA enone LOS} | rackemaee 177 
AT SKOn FUG Kyg ys steno te eoatate asco Fok ous ou $i Osetia 89 19 CA USERR 2 Eee (stow |S ta Orso Oe 115 





1 Probably blown. 





191 


Se te ae eS 


Seat eR 


a 








NO. 10 

















KANSAS — HIGHLY CRACKED 
NO. 11 KENTUGKY- HIGHLY CRACKED 
MEXICO 
Z 300 COLUMBIA 
o VENEZUELA 
oO ARKANSAS 
& KY & ILL. (PROBABLY BLOWN) 
a KY. OR ILL. 
o CALIFORNIA 
s KANSAS - HIGHLY CRACKED 
ut WYOMING | 
° 
KANSAS 
bh 200 7 
— 
ei 
a eS 
i ed 
oO 
Zz 
WwW 
a 
- 
top) 
oe 30 
® 100 , 
Oo > 
W 
a 
Qa 
= 
re) WW 
oO O O 





Lytee' TPS ae 4 1Se CAP GetS 2 eel 








3 SP aS Cou itS. preg) MGs a 5.04 Ser aes: 


HOURS WEATHERED IN OVEN AT 325°F. 
Figure 4.—Weathering-compressive strength test results, asphalt cements. 
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Figure 5.—Results of weathering-compressive strength test showing effect of source of 
crude and the penetration of the original asphalt. 


grams. The loss on the highly cracked ma- 
terial, No. 30, may be compared with the 
loss of only 0.64 grams on No. 31, a nega- 
tive-spot material from the same source. 
The loss on Nos. 11 and 12 may be compared 
with the loss of only 0.17 on No. 35, and a 
loss of 0.62 on No. 47, negative-spot ma- 
terials from a similar crude. 

From sources other than midcontinent 
fields the results are not so consistent. The 


192 


Trinidad and Bermudez asphalts and the 
negative-spot California asphalts had com- 
paratively high abrasion losses, while some 
of the other negative-spot foreign and do- 
mestic asphalts had relatively low losses. 
The two slightly cracked materials, show- 
ing positive spots—No. 15 from Mexico and 
No. 17 from Venezuela—had high abrasion 
losses as compared with the negative-spot 
materials No. 14 and No, 18 from the same 














respective crude oils. Typical differences 
between negative- and positive-spot mate- 
rials are shown in figure 1. 

There is some indication that, in gen- ~ 
eral, the abrasion losses are somewhat! 
higher for the more viscous grades of as-j 
phalts from a given crude than for the) 
softer materials. This is shown by the 
abrasion losses obtained on the Venezuela 
materials Nos. 4, 5, and 6, and the Kansas’ 
materials Nos. 7, 8, and 9. In the Cali-) 
fornia group, materials Nos. 1, 2, and 8, the 
No. 3 asphalt, the least viscous of the three, 
does not conform to this general relation: 
as the abrasion loss for this material is * 
somewhat higher than that for the more 
viscous materials, Nos. 1 and 2, from the 
same source. 


Abrasion Test on Liquid Asphaltic 
Materials 

The results of abrasion tests on a limited 
number of liquid asphaltic materials are| / 
given in table 3. The same relation between 
positive- and negative-spot materials with | 
respect to abrasion loss was obtained with | 
cutbacks and slow-curing asphaltic mate-| 
rials as was found in the results of tests on 
the paving asphalts. A positive-spot RC-4) 
cutback (No. L-3) made from a Kansas 
crude had a loss of 6.26 grams after 8 hours 
of weathering compared with losses of 2.82 
and 1.96 grams on two negative-spot RC—4 
materials (Nos. L-1 and L-2) from the) 
same source. In the case of MC—4 mate-| 
rials from Kansas, the positive-spot mate- | 
rial No. L-6 had a loss of 6.12 grams while |: 
the negative-spot materials, Nos. L-4 and | 
L-5, had losses of only 1.02 and 0.36 grams, | 
respectively. No. L-7, a negative-spot SC—4 | 
material from Michigan, had a loss of only | 
0.68 grams whereas No. L-8, a positive-spot | 
SC—4 material from the same source, had 
a loss of 34.25 grams. These relations are 
shown graphically in figure 2. 


[ 
‘ 


Losses from Slow Weathering | 

As stated before, some work has been done | 
to correlate the abrasion losses from mix- | 
tures weathered rapidly at 325°F., with 
those from mixtures weathered slowly at 
140°F. Two different methods were used 4 
in the slow-weathering study: (1) Conven- | 
tional weatherometer with carbon-arce | 
lamps, a rotating shelf, and an air-control | 
system to maintain the interior tempera- | 
ture at 140°F.; and (2) an electric oven | 
with mechanical convection and temperature | 
control. | 
The abrasion losses resulting from weath- 
ering in the oven at 140°F. and those re- | 
sulting from exposure in the weatherometer | 
are given in table 4 and plotted in figure 3. | 
These comparative tests were made on 11 | 
materials. Weathering periods of 64, 192, | 
and 400 hours were used. 
In general, higher abrasion losses re- | 
sulted from weathering in the weathero- 
meter than from weathering in the oven | 
at 140°F. No. 11, a severely cracked ma- 
terial, was an exception in that oven weath- 
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ering at 140°F. caused very much higher 
abrasion loss than did weathering in the 
-weatherometer. Also, in the case of No. 
14, a negative-spot material from Mexico, 
somewhat higher loss occurred in the 









4 


,hours of exposure. In the case of material 
No. 28, oven weathering produced a higher 
loss than did the weatherometer at 64 hours 
and 192 hours, but the losses by the two 
| methods of weathering were the same at 400 
hours of weathering. 

Less satisfactory differentiation between 
|) cracked and uncracked materials was ob- 
| tained by weathering at 140°F. in the 
_weatherometer than by weathering in the 
oven at 325°F. For the positive-spot ma- 
terial No. 17 and the negative-spot mate- 
-rial No. 18, both from the same source, the 
losses in abrasion for oven weathering at 
325°. for 8 hours were 1.47 and 0.23 grams, 
respectively (see table 2); while for weath- 
ering in the weatherometer for 400 hours, 
the losses were 1.09 and 0.97 grams (table 
4). 

Weathering in this particular type of 
weatherometer results in a rapid surface- 
hardening effect on the test specimens with 
very slow hardening below the immediate 
«surface. The rate of abrasion loss at the 
immediate surface would therefore probably 
be very high, while the rate of loss from 
the mixture below the surface would be 

comparatively low. 

Slow weathering in the oven at 140°F., 
up to 400 hours, also failed to differentiate 
satisfactorily between the cracked and non- 

_ cracked materials. Only in the case of No. 
/ 11, a very highly cracked material, is this 
property of the material definitely shown. 

With the Venezuelan asphalts, the positive- 

spot material No. 17 showed a lower loss 

(0.25 grams) after 400 hours in the 140°F. 

oven than did the negative-spot material 
No. 18, (0.84 grams) after the same ex- 
| posure. Indications are that weathering in 
the low temperature oven is not severe 
enough to bring out differences in the hard- 
ening properties of the asphalts within a 
reasonable period of weathering. 

The following is a summary of the abra- 
sion test results as discussed above: 

1. In general, comparatively low abrasion 
losses were obtained on the negative-spot 


asphalts prepared from the midcontinent 
petroleums. 

2. Of the negative-spot domestic asphalts 
included in this investigation, the California 
materials gave, in general, the higher abra- 
sion losses. 

3. The positive-spot asphalts were found 
to have high abrasion losses compared to 
the non-cracked materials from the same 
source. Generally, the amount of loss varied 
directly with the degree of cracking. 

4. On the basis of results of the abrasion 
test, a direct comparison of materials from 
different sources is not warranted, as the 
abrasion loss of a negative-spot material 
from one source may be higher than that 
of a positive-spot material from a different 
source. On the other hand, the abrasion 
test appears to indicate quite accurately 
differences in quality that are due to vari- 
ous manufacturing procedures where com- 
parisons are between materials from the 
same source. 

5. The results of the abrasion test made 
with specimens weathered in an oven at 
825°F. are more informative than when 
the specimens are weathered in an oven or 
in a weatherometer at 140°F. 


The Weathering-Strength Test 


Compressive strengths of the weathered 
specimens are given in table 5. The effect 
of time of weathering at 325°F. on the com- 
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pressive strength of the molded specimens 
is shown in figures 4 and 5. Table 6 and 
figure 6 give similar data for the liquid as- 
phaltic materials included in this study. 

The compressive strength of the test spe- 
cimens, except those containing highly 
cracked asphalt, increased with increased 
time of weathering up to 8 hours, the 
longest period of weathering used. The 
test specimens containing the highly cracked 
asphalts, Nos. 11, 12, and 30, decreased in 
strength after the first hour of weathering 
until, after weathering for 3 or 4 hours, 
they reached a_ substantially constant 
strength. The only other highly cracked 
asphalt cement tested, No. 10 from Kansas, 
differed from these in that it gave consider- 
ably lower strength results and showed some 
slight increase in strength with increased 
weathering. Mixtures containing the as- 
phalts that showed positive spots but were 
only slightly cracked, Nos. 18, 15, and 17, 
showed increase in strength with increased 
exposure. No. 20, an uncracked asphalt 
from Arkansas, showed a relatively low in- 
crease in strength with weathering as did 
No. 21 from Kentucky and Illinois, a mate- 
rial reported as probably blown. 

For the uncracked materials, the source 
of the crude from which the asphalt was 
obtained is shown to have a major effect 
on the rate of increase in strength on 
weathering of the mixture. The California 
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Figure 6.—Weathering-sirength test results, cutback asphalts. 


Table 6.—Results of weathering-strength test on cutback asphalts 
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Table 7.—Tests on asphalt recovered from oven-weathered cylinders,’ and abrasion and 
compressive-strength tests of molded specimens 





Tests on molded 
specimens after oven- 
weathering at 325° F. 


Tests on asphalt recovered from 
weathered cylinders 




















Identification and source of asphalt eee Se 
(and original penetration) ing Compres- 
Penetra- | Ductility | Softening | Abrasion | __ sive 
77°F at 77° F. point loss strength 
S Gud oe 
Hours Cm. Tar. Grams | Lbs./sq. in. 
1 40 250 + 138 0.45 41 
Je California, COOmen.) ne tener acter cee ieee 2 19 93 151 67 84 
4 10 5 184 .87 208 
8 4 0 228 .93 352 
1 39 37 141 07 34 
5. Venezuela. (SS pen:))scrtecueraciersteekey eels ere 2 25 if 162 13 54 
4 17 3 192 .25 118 
8 11 2, 250 43 191 
il 36 ai A al || Saeco pe 40 
8, Kansas. (83; pen) ais a tee ieueee © eet sites 2 26 4 TSO. ged all: hawker aos 69 
4 20 3 212 .25 103 
8 14 1 267 .30 117 
1 39 23 148 .05 33 
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4 16 4 249 63 93 
8 9 1 325 1.06 131 
1 70 37 132 01 14 
21. Kentucky and Illinois (105 pen.)......... 2 58 14 140 .02 25 
4 40 5 160 .O1 44 
8 31 3 190 .03 62 
1 39 48 139 .26 38 
28. Kentucky or Illinois (93 pen.)........... 2 23 6 159 42 72 
4 17 4 179 .74 115 
Sigel tall shevecene tere coats lla cehe wnekevocecens [isialic oherater'ece se i alee 138 
1 33 140 1383 .36 31 
29" California (102, penn) ce cea teie-oaaieteiene 2 17 17 151 -70 100 
4 10 4 178 .86 189 
1 12 5 160 2.38 128 
30. Kansas (75 pen.) (highly cracked)....... } 2 8 1 190 3.57 118 
4 4 0 251 4.92 92 
1 32 5 160 138 43 
Si) Kansas: (7d pen: tire. chi. boiat taser eetiet 2 23 3 186 .30 74 
4 17 2 paws .48 104 
; 1 43 18 140 .49 29 
S20 Kansas (7Gipen.) ic ce gasses nce cicholneiens Mas 2 29 5 160 .67 59 
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1 37 16 141 .49 27 
Soe Wyoming (ShupEene)eeiekic nineties eats 2, 27 6 155 -62 48 
4 18 3 184 site 122 
1 40 10 146 .10 29 
34, KANSAS) (87 PeMs)is cs cis omre re ceisre sei enaers 2 28 4 165 31 54 
4 21 3 191 .33 95 


1 2- by 2-inch molded cylinders oven-weathered at 325° F. 


asphalts, Nos. 1, 2, 8, 24, 29, and 37, had 
the highest rate of increase in strength 
during weathering and the highest strength 
after 8 hours of weathering. The asphalts 
from some of the midcontinent fields gave 
comparatively low strength values after 8 
hours, while the foreign materials gave 
strength values between those of the mid- 
continent and California asphalts. 

The strength curves differ with differ- 
ences in penetration of the original asphalt. 
In general, the more viscous materials from 
a given source gave somewhat higher 
strengths after weathering than did the 
less viscous ones. This is illustrated in 
figure 5 where the strength of the groups 
of California, Venezuela, and Kansas as- 
phalts each show increased strength with 
decreasing penetration. 

In table 6 and figure 6 are shown the 
weathering-strength test results on mix- 
tures containing cutback asphalts MC—4 and 
RC-—4. Very low weathering-strength curves 
were obtained for the highly cracked ma- 
terials L-3 and L—6 as compared to the un- 
cracked materials. 

The following is a summary of the weath- 
ering-strength test results as discussed 
above: 

1. Mixtures containing uncracked as- 
phalts increased in strength for increasing 
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periods of oven weathering up to 8 hours, 
the maximum period of weathering used in 
this investigation. 

2. There was a wide difference in the 
rate of increase of strength and in the 
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PENETRATION OF RECOVERED ASPHALT AFTER 
OVEN WEATHERING OF THE MIXTURES AT 325°F. 


Figure 7.—Relation of the loss in the abrasion test to the penetration of 
the asphalts recovered from oven-weathered, 2 by 2-inch cylin- 


drical specimens, 











strength after 8 hours of oven weathering 
for asphalts from the various sources. 

3. Three mixtures containing cracked as: 
phalts. attained relatively high strength ir 
the early weathering periods and then de 
creased in strength as the weathering perio¢ 
was increased to 3 or 4 hours. A fourtk 
cracked asphalt with a somewhat lowei 
zylene equivalent (Kansas No. 10) had @ 
low strength after 1 hour of weathering 
and thereafter showed only slight increase 
in strength for longer periods of weather- 
ing. 

It has been shown that the abrasion loss 
and the strength of molded Ottawa sand 
and asphalt mixtures, when weathered for 
various periods of time, differ widely de- 
pending on the source of the asphalt and 
the method used in its manufacture. In 
order to determine if this difference in 
abrasion loss and strength is a measure of 
the difference in hardness of the contained 
asphalts, the following study was made. 
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Tests on Recovered Asphalts 


In order to determine the changes in the 
characteristics of the asphalts after various 
periods of weathering, a number of the 
asphalts included in this study were ex- 
tracted and recovered from test specimens 
weathered by the same method used in the 
compressive-strength test. To do this, a 
number of specimens were made for each 
weathering period to allow extraction and 
recovery of a sufficient amount of the as- 
phalt to permit determining the penetra- 
tion, ductility, and softening point of the 
materials at the various weathering periods. 
The Abson test method was used in re- 
covering the asphalt. The results of tests 
on the recovered asphalts are given in table 
7, together with the results of the abrasion 
and compressive-strength tests for the same 
periods of weathering. 
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mens. However, it is reasonable to assume 
that the rate of hardening will follow the 
same general trends in both types of test. | i 

In figure 7 is shown, for typical mate- : 
rials, the relation between abrasion loss 
and the penetration of the asphalt recovered 
from the weathering-strength specimens. 
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Table 7 shows that the hardness of the re- 
covered asphalt—that is, the reduction in io 
penetration and increase in softening point, | 
increases with length of weathering. Both | 
table 7 and figure 7 show that the abrasion 4 
loss increases as the penetration of the re- 
covered asphalt decreases. The Kentucky 
and Illinois asphalt, No. 21, which had the 
least abrasion loss of all the materials 
» tested, also showed the least hardening as 
evidenced by the penetration and softening 
point of the recovered asphalt. Other ma- 
terials, such as Kansas No. 8, Venezuelan 
No. 5, and Mexican No. 14, which had low 
abrasion losses, also showed low rates of 
hardening up to 8 hours of weathering. In 
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REDUCTION IN PENETRATION OF ASPHALT RECOVERED FROM MIXTURES 
WEATHERED FOR VARIOUS PERIODS, PERCENT OF ORIGINAL PENETRATION 


60 the case of the highly cracked asphalt No. 
30, the asphalt hardened rapidly and had 

8 HOUR very high losses in the abrasion test. 
40 It is evident that the abrasion loss is 
60 80 100 ~=—related to the consistency of the contained 
REDUCTION IN PENETRATION OF THIN-FILM RESIDUES, PERCENT OF ORIGINAL asphalt and that either may be used to de- 


Figure 9.—Comparison of the reduction in penetration of thin-film residues with the reduc- termine the relative resistance of asphaltic 
tion in penetration of asphalts recovered from oven-weathered mixtures. materials to hardening. 


On account of the differences in dimen- will occur in a given time in the weather- Effect of Consistency 
sions of the specimens, it is not to be ex- ing-strength specimens will be the same as Figure 8 shows the compressive strength 
pected that the amount of hardening that that which occurs in the abrasion speci- of the weathered specimens plotted against 
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Tests on original asphalt 








Table 8.—Results of thin-film oven tests on asphalt cements 


Tests on residue from thin-film test, }-inch film exposed at 325° F. 
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fornia asphalt No. 2 had the lowest pene- 
tration and the highest strength after 8 
hours exposure, these being 4 and 352, re- 
spectively. Asphalt No. 30, a highly cracked 
asphalt, had a penetration of 4 after 4 
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'4-inch film exposed at 325° F. for 25 hours. 


hours exposure but had a strength of only 
92 pounds per square inch. This would in- 
dicate that the highly cracked materials be- 


come brittle or fragile and lose their co- 
hesive properties to a greater extent than 
do the uncracked materials. 
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Figure 10.—Comparison of softening point of thin-film resid 





There is a wide difference in the amount 
and rate of hardening of the various as- 
phalts included in this study. Some of the 
midcontinent asphalts had higher resistance 
to hardening than did some of the asphalts 
from the higher asphaltic-base crudes. The 
retained percentages of original penetra- 
tion after 1 and 8 hours of weathering were 
44 and 4, respectively, for California No. 2, 
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44 and 12 for Venezuela No. 5, 43 and 17 
for Kansas No. 8, 37 and 10 for Mexican 
No. 14, and 67 and 29 for Kentucky and 
Illinois No. 21. 

After weathering 1 and 4 hours, the per- 
centage of original penetration retained by 
some of the other asphalts were as follows: 
For Kansas No. 30, a highly cracked mate- 
rial, 16 and 5, respectively; for uncracked 
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ues with the softening point of asphalts recovered from oven-weathered 


Kansas material No. 32, 57 and 28, re- 
spectively; and for Mexican No. 15, slightly 
cracked, 34 and 16. 

The results of a previous study‘ show 
that the physical properties of a given mix- 


4 The effect of characteristics of asphalts on physical 
properties of bituminous mixtures, by R. H. Lewis 
and J. Y. Welborn. PusBLic Roaps, vol. 25, No. 5, 
Sept. 1948. 
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Figure 11.—Comparison of ductility of thin-film residues with the ductility of the asphalts recovered from oven-weathered 
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ture are dependent upon the consistency of 
the contained asphalt at the test tempera- 
ture. The results of the present work sub- 
stantiates these earlier findings. 

The results of the tests on the recovered 
asphalts from the test cylinders after weath- 
ering are summarized as follows: 

1. There is a wide difference in the re- 
sistance of asphalts to hardening depending 
on the source of the crude petroleum from 
which the asphalt is obtained and the 
method of refining. 

2. In general, the abrasion loss is de- 
pendent upon the consistency of the con- 
tained asphalt. 

3. For the uncracked asphalts and those 
only slightly cracked, the compressive 
strength of the mixtures varied inversely 
as the penetration of the contained asphalt 
without regard to the source of the asphalts. 

4. For the highly cracked asphalts, the 
relation between the compressive strength 
and the hardness of the contained asphalt 
is different than for the uncracked asphalts. 


Behavior Dependent on Hardening 


The foregoing studies of the abrasion and 
weathering-strength tests clearly show that 
the behavior of asphaltic materials in these 
tests is dependent largely upon the rate 
and amount of hardening that occurs dur- 
ing the exposure of Ottawa sand and as- 
phalt mixtures to heat and air. Since both 
tests are time-consuming and require the 
control of many variables involved in their 
test procedures, they are not well suited for 
use as specification tests. Previous studies 
of the hardening properties of asphaltic 
materials have shown that the thin-film oven 
test also can be used to show the rate of 
change in asphaltic materials when sub- 
jected to heat and air. Therefore, a study 
has been made to determine the correlation 
that may exist between the results of this 
test and the results of the abrasion and 
weathering-strength tests. 


~ 


Thin-Film Oven Tests 


Thin-film oven tests were made on most of 
the asphalts used in this study in order 
to compare the characteristics of the resi- 
dues obtained by this method of direct ex- 
posure of the asphalts to the characteristics 
of the asphalts after exposure in mixtures. 
The results of the thin-film oven tests are 
given in table 8, together with the test re- 
sults on the original asphalts. In most of 
the previous work, the thin-film oven test 
has been made on a 50-milliliter sample of 
asphalt in an aluminum pan 5.5 inches in 
diameter, the film being exposed in an oven 
for 5 hours at 325°F. The same control 
is used as for the standard test for loss on 
heating. In order to produce greater changes 
in the asphalts by the thin-film oven test, 
which would be more comparable to the 
changes occurring during weathering of 
the mixtures, some of the asphalts used in 
this study were also exposed in the thin- 
film oven test for 24 hours. A detailed de- 
scription of the method used for the thin- 
film oven test is given on page 202. 

Comparisons of the reduction in pene- 
tration of the 5-hour and the 24-hour thin- 
film residues with the reduction in pene- 
tration of the asphalts recovered from the 
Ottawa sand and asphalt mixtures weath- 
ered for 1, 2, 4, and 8 hours are shown in 
figure 9, which presents the reduction in 
penetration as a percentage of the original 
penetration by the two methods of exposure. 
There is some dispersion of the points from 
the average curves for the 5-hour thin-film 
residues which may be accounted for by the 
wide difference in the severity of the two 
methods of weathering. The points for the 
1-hour weathering period fall fairly close 
to the straight line, indicating that the 
amount of hardening produced by the two 
methods of exposure are in the same order. 
The comparision for the 24-hour thin-film 
residues in general is better than for the 
5-hour thin-film test. It is of interest to 
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PENETRATION OF ASPHALTS RECOVERED FROM MIXTURES 
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PENETRATION OF RESIDUES FROM 25-HOUR THIN-FILM 
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Figure 12.—Comparison of penetration of 
asphalt recovered from mixtures exposed 
to ultraviolet light and outdoors with the 
penetration of the thin-film oven test. 


note that the percentage reduction in the 
penetration of the asphalt from the 24- 
hour thin-film oven test is almost identical 
with the percentage reduction in penetra- 
tion of the asphalt recovered from the mix- 
ture after weathering for 2 hours. It is 
apparent from the above comparisons that 
both methods of exposure give comparable 
results as to the hardening properties of 
asphalts. 

Comparisons of the softening points of 
the residues after the 5-hour and the 24- 
hour thin-film oven tests with those of the 
asphalts recovered from the weathered mix- 
tures are shown in figure 10. As for the 
penetration data, this figure shows that 
changes in the asphalts as measured by the 
softening point, in general, are in the same 
order for the two methods of exposure. 
Here also the softening points of the resi- 
dues from the 24-hour thin-film oven test 
are approximately the same as for the same 


Table 10.—Comparison of the residues from the thin-film oven test with the recovered asphalts from the Shattuck mixing test 















































Residue from thin-film oven test Recovered asphalt from Shattuck mixing test 
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14-inch film exposed at 325° F. for 5 hours. 
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2 Percent of original penetration. 


8 Reported in PUBLIC ROADS, vol. 22, No. 2, April 1941. 
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PENETRATION RETAINED AFTER SHATTUCK'S MIXING TEST 





O 
40 50 60 70 80 
PENETRATION RETAINED AFTER 
THIN- FILM OVEN TEST 


Figure 13.— Comparison of the 
penetration retained after the 
thin-film oven test and the Shat- 
tuck mixing test. 


asphalts recovered from the 
weathered for 2 hours. 

Figure 11 compares the ductility of the 
5-hour and 24-hour thin-film residues with 
the ductility of the asphalts recovered from 
the weathered mixtures. Because of ‘the 
inherent high ductility of the California as- 
phalts, Nos. 2 and 29, and their abnormally 
large change in ductility with a small change 
in penetration, their values were omitted. 
With the exception of those asphalts, figure 
11 shows a similarity in changes in ductility 
resulting from the two methods of exposure. 

The above comparisons of penetration, 


mixtures 


Preparing the mixture 


Standard Ottawa sand (No. 20—No. 30), 
as specified in standard method: of test for 
tensile strength of hydraulic-cement mor- 
tars, A.S.T.M. Designation C 190, is used. 
In testing penetration grade asphalts, the 
sand is heated to 325°F. in an oven before 
mixing, while for tests on liquid asphaltic 
materials the sand is dried but not heated. 
Sufficient asphaltic material for each batch 
is heated to the application temperature 
while being stirred to prevent local over- 
heating. The asphaltic material and Ot- 
tawa sand are combined in the proportion 
of 2 parts of asphaltic material to 100 parts 
by weight of sand. 
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softening point, and ductility of the as- 
phalts recovered from the oven-weathered 
mixtures and those obtained from the thin- 
film oven test, show that the heating of 
asphalts in relatively thin film, as in the 
thin-film oven test, produces changes in 
their characteristics similar to those pro- 
duced by exposing asphaltic mixtures to 
the same temperature. 


Comparison with Other Tests 


Lang and Thomas’ studied the harden- 
ing properties of asphalt cements of the 
85-100 penetration grade by exposing mix- 
tures of Ottawa sand and these asphalts to 
the action of ultraviolet light and heat and 
to natural outdoor weathering. 

In the exposure to ultraviolet light, the 
procedure was as follows: 3,000 grams of 
prepared Ottawa sand and asphalt mixture 
were placed in a twin pug-mill mixer which 
rotated at a speed of 160 r.p.m. for 22 hours. 
During this time the mixture was exposed 
to ultraviolet light from a mercury are in 
quartz. The temperature of the mixture 
was maintained at 180°F. during the ex- 
posure period. 

For the outdoor weathering, similar mix- 
tures were exposed for a period of 1 year. 
At the completion of the exposure periods 
the asphalts were extracted and recovered 
from the weathered mixtures by the Abson 
method. 

Lang and Thomas reported the results of 
thin-film oven tests made by the method 
which has just been described with a time 
of exposure of 25 hours. The results of 
the tests on the asphalts recovered from the 
mixtures exposed to ultraviolet light and 
outdoors and the results of the 25-hour 
thin-film oven test are given in table 9. 

Comparison between the penetration of 
the thin-film residues and the penetration 
of the asphalts recovered from mixtures 


5 Laboratory studies of asphalt cements, by Fred C. 
Lang and T. W. Thomas. University of Minnesota 
Engineering Experiment Station Bulletin No. 15, Nov. 
1939. 


ABRASION TEST PROCEDURE 


Application temperatures used for the 
various asphaltic materials are: 
Penetration grades —..._ SARUM, 
Rapid-curing (RC), medium 
euring (MC), and slow- 
curing (SC) liquid as- 
phaltic materials 200°F. 
VOOM N ya 22 ee 2 Deslie 
Each test mixture is prepared in a batch 
of sufficient size to produce 15 test speci- 
mens. In testing asphalt cement the batch, 
after mixing, is spread out in shallow pans 
to a depth of about one-half inch and al- 
lowed to cool to air temperature. The mixer 
and the cooling pans are shown in figure 
14. After cooling, 30 grams of the mixture 


after exposure to ultraviolet light and after 
weathering outdoors is shown in figure 12. 

The thin-film test for 25 hours exposure is 
shown, in general, to be somewhat more 
severe than either of the two methods of 
weathering used on the mixtures. All three 
test procedures show similar differences in 
the hardening properties of asphalts as in- 
fluenced by the source of the material and 
whether or not, or to what degree, they 
have been cracked in the refining processes. 
The authors concluded from these studies 
that the hardening produced by natural 
weathering is very similar to that produced 
by artificial heat, air, and ultraviolet light 
exposure. 

Another type of test for determining 
the relative resistance of asphalts to hard- 
ening is the Shattuck mixing test.° In this 
test, 1,880 grams of heated Ottawa sand 
are mixed with 120 grams of the asphalt 
to be tested for 1 minute in a laboratory 
pug-mill mixer under standard conditions 
of temperature. After mixing, the mixture 
is spread evenly in a shallow pan which is 
then placed in an oven at 350°F. for 30 
minutes. The mixture is then removed and 
allowed to cool to room temperature. After 
cooling, the asphalt is extracted (using 
benzol) and recovered by the Abson method. 
The recovered asphalt is then tested for 
penetration, ductility, and softening point. 

In a previous investigation‘ a study was 
made of the Shattuck test and it was found 
that the alterations in the asphalt which 
take place in this test are very similar to 
those that take place in the 5-hour, thin- 
film oven test. The results of a more recent 
study are shown in table 10, in which results 
obtained with the Shattuck mixing test and 
the 5-hour, thin-film oven test are compared. 
It may be noted in figure 13 that the two 
methods of test gave similar results. 


6 Measurement of the resistance of oil asphalts 
(50-60 pen.) to changes in penetration and ductility 
at plant mixing temperatures, by C. L. Shattuck. 
Proceedings of The Association of Asphalt Paving 
Technologists, Vol. 11, 1940. 


7 First reference, footnote 1, p. 188. 


is placed in each of fifteen 2%-inch oint- 
ment tins, each of which is numbered 
serially. These tins are then placed in an 
oven at 325°F. to warm the mix for mold- 
ing. 

The tins, each with its 30 grams of mix- 
ture, are placed in the oven one at a time 
at 3-minute intervals. Molding is started 
after 9 minutes and continued at the rate of 
one specimen each 38 minutes so that the 
pre-heating time for each 30-gram lot is 
uniformly 9 minutes. 

In testing liquid asphaltic materials, the 
procedure is modified by a preliminary cur- 
ing of the loose mixture in the large shallow 
pans in an oven at 140°F. for 18 hours. The 


199 


esis tie eee 





a Se 


SE aN 








Wie sSis ae 


Figure 14.—Mixer and cooling pans. 


subsequent cooling to air temperature, and 
the operations of weighing, heating, and 
molding are then carried out as described 
for the asphalt cements. 


Molding and weathering 


The test specimens are formed and tested 
in steel specimen cups having an inside di- 
ameter of 2 inches and a depth of % inch. 
A steel guide sleeve is provided to fit over 
the specimen cup during molding to retain 
the loose mixture and to center the com- 
pression plunger. Both the cup and the 
guide sleeve are warmed for 3 minutes in 
the 325°F. oven prior to being used in mold- 
ing each test specimen. 

The batch of exactly 30 grams of mixture, 
preheated for 9 minutes at 325°F., is quickly 
placed into the warm mold and compressed 
under a toad of 1,000 pounds per square 
inch maintained for 1 minute. The actual 
molding temperature of the mixture will be 
approximately 300°F. if this procedure is 
followed carefully. After molding, the 
specimens contained in their steel cups are 
permitted to cool to approximately 77°F. 
prior to being weathered in the oven. 
Figure 15 shows the special equipment for 
molding. 

Weathering periods of %4, 1, 2, 4, and 8 


200 


hours are used. Three molded specimens 
are tested for each weathering period. Thus, 
15 specimens are required for the full test. 
These are placed in an 18-inch square oven 
pan 3 inches in depth, covered with a 1/16- 
inch mesh screen, and exposed in an oven 
at 325°F. The pan and screen eliminate 


variable air draft and thus provide more 
uniform curing conditions for the speci- 
mens. After oven curing or weathering for 
the desired period at 825°F., and cooling 
to room temperature, the specimens to- 
gether with the supporting cups are weighed 
and the weight is recorded. The specimens 
are then placed in the 77°F. air bath pre- 
paratory to being tested for resistance to 
abrasion. 


Abrasion machine 

Four thousand grams of lead shot, pass- 
ing the No. 10 and retained on the No. 14 
sieve, are used for each test unless a smaller 
amount causes sufficient erosion of the test 
specimen to expose the bottom of the re- 
taining cup. 

Figure 16 is a schematic drawing of the 
abrasion machine used in this study. It 
conforms essentially to the California de- 
sign. The critical dimensions are shown on 
the drawing. The rate of rotation of the 
test specimen is approximately 340 r.p.m. 
The lead shot is dropped at a rate of ap- 
proximately 2,000 grams per minute. The 
temperature of the test is controlled by 
placing the machine in an air bath in which 
the temperature is maintained at 77°F. 
Accurate temperature control is very im- 
portant. The shot is stored in the air bath 
between tests. 


Expressing abrasion loss’ 

The abrasion loss is normally reported 
on the basis of loss per 1,000 grams of shot 
after a total of 4,000 grams of shot have 
been dropped. However, the test should be 
stopped short of 4,000 grams of shot in the 
event that the abrasion has progressed 
through the specimen to expose the bottom 
of the cup. In such cases, the loss per 1,000 
grams is computed on the basis of the 
amount of shot dropped. The loss is de- 
termined to hundredths of a gram. Figure 
15 shows specimens at various stages of 
abrasion. 





Figure 15.—In the background, special molding equipment. In the foreground, empty cup, 
freshly molded specimen, slightly abraded specimen, and highly abraded specimen. 
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WEATHERING-STRENGTH TEST PROCEDURE 


Preparing the mixture 


Two thousand grams of standard Ottawa 
sand (No. 20-No. 30) is required for each 
batch. Two batches are required for each 
set of 18 specimens. For asphalt-cement 
mixtures, the sand is heated to 325°F.; and 
for liquid asphaltic mixtures, the sand is 
at room temperature. Sufficient asphaltic 
material for each batch, while being heated 
to the mixing temperature, is stirred to 
prevent local overheating. 

For mixing, the asphaltic materials are 
brought to the following temperatures: 

Penetration grades (asphalt 
Cement) ieee ee ee B20 HN. 
RGoloreM Cy cutbacks) 222 200°F. 

Two thousand grams of sand and 80 
grams, or 4 percent, of asphalt material 
are combined by mixing for about 2 minutes. 
The second batch to complete the full set 
of specimens is prepared in the same man- 
ner, 


Curing the mixture 


The prepared mixture, immediately after 
mixing, is spread to a uniform depth in 
pans 5.5 inches in diameter and % inch in 
depth, 200 grams of mix to each pan, and 
the pans set aside to cool to room tempera- 
ture. 

For the asphalt-cement mixtures, the pans 
containing the loose mix are then placed in 
the 825°F. oven for one-half hour. This 
is done at intervals of one every 5 minutes 
to allow time for molding. For the liquid 
asphaltic mixtures, a preliminary curing 
period of 18 hours in a 140°F. oven is used 
prior to the half-hour curing described 
above. 


Molding test specimens 


Molding follows immediately after the 
half-hour curing in the 325°F. oven. Mold- 





ing is done by the double-plunger method 
with the molds preheated in a water bath 
to approximately 180°F. Enough of the 
200 grams of mix (about 180 grams) from 
each pan is used to produce a cylinder 2 
inches in diameter and 2 inches in height. 
It is important that the pans be removed 
from the oven in the same order in which 
they were put into the oven. 






SPECIMEN 


A molding pressure of 2,000 pounds per 
square inch is used and is held for 2 min- 
utes. The temperature of the mix will be 
approximately 260°F. at the time of apply- 
ing the molding load if the procedure is 
earefully followed. 

After molding, the bottom plunger is re- 
moved, a base plate is inserted and the 
specimen pressed to the bottom of the mold 


SHOT 
FUNNEL 


SPECIMEN 39.37°—>- 


CONTROLLED 
AIR BATH 

















Figure 16.—Schematic, drawing of abrasion machine. 


Figure 17.—Base plunger, base plate, centering and retaining sleeve, molded specimen, assembled mold, specimen supported by sand, and 
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pan with screen cover used in oven weathering. 
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against the top of the plate. The molding 
cylinders containing the molded specimens 
are then placed in a 77°F. air bath for 
about 16 hours. After cooling, the speci- 
mens, with the base plates adhering, are 
pressed out of the mold and placed in spe- 
cially prepared 6-ounce cans to undergo 
oven weathering. 

The 6-ounce cans are perforated with 
sixty-four 1/16-inch holes on the side. As 
the specimens are placed in the perforated 
cans, Ottawa sand is filled in around the 
specimens in order to prevent their deform- 
ing during the period of heat-treatment in 
the oven. 


Scope 

The thin-film oven test is intended for 
the determination of the effect of heat and 
air on asphaltic materials when heated in 
thin films as hereinafter prescribed. The 
loss in weight, and a comparison of the 
penetration, softening point, and ductility 
before and after heating are used as a 
measure of the effect of this test on as- 
phaltic materials. For additional informa- 
tion of the changes that occur in the as- 
phaltic materials, solubility and Oliensis 
tests also may be used. 

While this test is prescribed primarily 
for asphalt cements, it may also be useful 
for cutback asphalts. For the latter ma- 
terial, the test should be made on the residue 
from distillation obtained by the standard 
method of test for cutback asphaltic prod- 
ucts, A.S.T.M. Designation D 402. 


Preparing the mixture 


Samples of the bituminous material, 50.0 
+ 0.5 milliliters in volume, are weighed 
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Oven exposure 


The cans containing the specimens and 
reinforced with No. 20—No. 380 Ottawa sand, 
as described above, are then placed in an 
oven pan about 18 inches square and 8 
inches in depth, covered with a 1/16-inch 
mesh screen, and exposed in an oven at 
325°F. The pan and screen eliminate vari- 
able air drafts and thus provide more uni- 
form curing conditions for the specimens. 

Three specimens are required for each 
oven-weathering period. Weathering periods 
of 1, 2, 3, 4, 6, and 8 hours have been used. 
Each set of three containers with their re- 


THIN-FILM OVEN TEST PROCEDURE 


(weight calculated from specific gravity) 
into a tarred aluminum pan 5.5 inches in 
diameter and %-inch deep, with a flat bot- 
tom. A 50-milliliter sample in this size 
container gives a film thickness of approxi- 
mately one-eighth inch. Semisolid mate- 
rials should be heated to a fluid condition 
previously. If the material has been heated 
to facilitate transfer, the container and 
sample should be cooled to room tempera- 
ture. The weight should be determined to 
the nearest hundredth of a gram. 


Oven exposure 


An oven conforming to the oven specified 
in the tentative method of test for loss on 
heating of oil and asphaltic compounds, 
A.S.T.M. Designation D 6, is used, except 
that the circular shelf is constructed so 
that it will support one or more of the 
sample containers in a horizontal position. 

With the oven at 325°F., the sample in 
its container is placed on the circular shelf 


spective specimens are removed at the end 
of each oven-exposure period and placed in’ 
the 77°F. air bath prior to being tested in| 
compression. Figure 17 shows the appar- 
atus used in this test procedure. 


Compressive strength 

After cooling to 77°F., the specimens are 
removed from the cans, the base plates re- 
moved, and adhering Ottawa sand and par- 
ticles brushed off. They are then tested in 
compression at a unit deformation rate of 
0.1 inch per minute. The compressive 
strength and the deformation at the point of 
maximum strength are recorded. 


in the oven and the shelf is rotated at a 
rate of 5 to 6 r.p.m., for 5 hours. At the 
conclusion of the heating period, the sample 
is removed from the oven, cooled to room 
temperature, and weighed to the nearest 
hundredth of a gram. The loss due to heat- 
ing is then calculated. 


Tests of residue 


The residue from the thin-film oven test 
is melted at the lowest possible temperature, — 
mixed thoroughly, and transferred to a 38- 
or 6-ounce container as used for the 
A.S.T.M. penetration test. In order to pro- 
vide sufficient material for tests on the 
residue, it is often necessary to make the 
thin-film oven test in duplicate, in which 
case the residues are combined for testing. 
The thoroughly mixed residue is tested ac- 
cording to A.S.T.M. standard methods of 
test for penetration (Designation D 5), 
softening point (Designation D 86), and 
ductility (Designation D 113). 
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ANNUAL REPORTS 


Work of the Public Roads Administration: 


1941, 15 cents. 1948, 20 cents. 
1942, 10 cents. 1949, 25 cents. 


Public Roads Administration Annual Reports: 

1943; 1944; 1945. (Free from Bureau oy Public Roads) 
Annual Reports of the Bureau of Public Roads: 

1950, 25 cents. 1951, 35 cents. 1952, 25 cents. 


HOUSE DOCUMENT NO. 462 


Part 1.—Nonuniformity of State Motor-Vehicle Traffic Laws. 
15 cents. 

Part 2.—Skilled Investigation at the Scene of the Accident 
Needed to Develop Causes. 10 cents. 

Part 3.—Inadequacy of State Motor-Vehicle Accident Report- 

ing. 10 cents. 

Part 4.—Official Inspection of Vehicles. 10 cents. 

Part 5.—Case Histories of Fatal Highway Accidents. 10 cents. 

Part 6.—The Accident-Prone Driver. 10 cents. 


UNIFORM VEHICLE CODE 


Act I.—Uniform Motor-Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 15 cents. 

Act II.—Uniform Motor-Vehicle Operators’ and Chauffeurs’ 
ITicense Act. 15 cents. (revised 1952) 

Act III.—Uniform Motor-Vehicle Civil Liability Act. 10 cents. 

Act IV.—Uniform Motor-Vehicle Safety Responsibility Act. 15 
cents. (revised 1952) 

Act V.—Uniform Act Regulating Traffic on Highways. 20 
cents. (revised 1952) 


Model Traffic Ordinance. 20 cents. (vevised 1952) 


MAPS 


State Transportation Map series (available for 39 States). Uni- 
form sheets 26 by 36 inches, scale 1 inch equals 4 miles. Shows 
in colors Federal-aid and State highways with surface types, 
principal connecting roads, railroads, airports, waterways, 
National and State forests, parks, and other reservations. 

. Prices and number of sheets for each State vary—see Super- 
intendent of Documents price list 53. 

United States System of Numbered Highways together with the 
Federal-Aid Highway System (also shows in color National 
forests, parks, and other reservations). 5 by 7 feet (in 2 
sheets), scale 1 inch equals 37 miles. $1.25. 

United States System of Numbered Highways. 28 by 42 inches, 
scale 1 inch equals 78 miles. 20 cents. 


PUBLICATIONS 
of the Bureau of Public Roads 


MISCELLANEOUS PUBLICATIONS 


Bibliography of Highway Planning Reports. 30 cents. 
Construction of Private Driveways (No. 272MP). 10 cents. 
Electrical Equipment on Movable Bridges (No. 265T). 40 cents. 
Factual Discussion of Motortruck Operation, Regulation, and 
Taxation. 30 cents. 
Federal Legislation and Regulations Relating to Highway Con- 
struction. 40 cents. 
Financing of Highways by Counties and Local Rural Govern- 
ments, 1931-41. 45 cents. 
Highway Accidents. 10 cents. 
Highway Bond Calculations. 10 cents. 
Highway Bridge Location (No. 1486D). 15 cents. 
Highway Capacity Manual. 65 cents. 
Highway Needs of the National Defense (House Document No. 
249). 50 cents. 
Highway Practice in the United States of America. 75 cents. 
Highway Statistics (annual) : 
1945, 35 cents. 1948, 65 cents. 
1946, 50 cents. 1949, 55 cents. 
1947, 45 cents. 1951, 60 cents. 
Highway Statistics, Summary to 1945. 40 cents. 
Highways in the United States (nontechnical). 15 cents. 
Highways of History. 25 cents. 
Identification of Rock Types. 10 cents. 
Interregional Highways (House Document No. 379). 75 cents. 
Legal Aspects of Controlling Highway Access. 15 cents. 
Local Rural Road Problem. 20 cents. 
Manual on Uniform Traffic Control Devices for Streets and 
Highways. 75 cents. 
Mathematical Theory of Vibration in Suspension Bridges. $1.25. 
Principles of Highway Construction as Applied to Airports, 
Flight Strips, and Other Landing Areas for Aircraft, $2.00. 
Public Control of Highway Access and Roadside Development. 
35 cents. 
Public Land Acquisition for Highway Purposes. 10 cents. 
Roadside Improvement (No. 191MP). 10 cents. 
Selected Bibliography on Highway Finance. 55 cents. 
Specifications for Construction of Roads and Bridges in Na- 
tional Forests and National Parks (FP-41). $1.50. 
Taxation of Motor Vehicles in 1932. 35 cents. 
Tire Wear and Tire Failures on Various Road Surfaces. 10 
cents. 
Transition Curves for Highways. $1.50. 





Single copies of the following publications are available to 
highway engineers and administrators for official use, and 
may be obtained by those so qualified upon request addressed 
to the Bureau of Public Roads. They are not sold by the 
Superintendent of Documents. 


Bibliography on Automobile Parking in the United States. 
Bibliography on Highway Lighting. 

Bibliography on Highway Safety. 

Bibliography on Land Acquisition for Public Roads. 
Bibliography on Roadside Control. 

Express Highways in the United States: a Bibliography. 
Indexes to PUBLIC ROADS, volumes 17-19 and 28. 

Title Sheets for PUBLIC ROADS, volumes 24, 25, and 26. 








STATUS OF FEDERAL-AID HIGHWAY PROGRAM 


AS OF JUNE 30, 1953 
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wer eas 2 x as ACTIVE PROGRAM 
STATE y Nae ag | Ege ge ONLY : es EAA A TED | ge ae, UNDER WAY «| TOTAL 
Cae Rn eee Che ear Mites Cong ees Mites oe spat lates 
Alabama oie ees $12, oo ar ae: ee mee mee ee icthe $17,677 187.2 | $66,298 $33,789 | 1,083.6 
Arizona peek . 0 , NEY ,088 02 88.0 135), 50 ,228 220. 
Arkansas lies 7,552 _ 8 Binh i’ het 5256.9 1 13253 Beat 186.8 14,589 tps 287.0 27°38 Q h089 9:7 
California 3,67 Us se 6,667 101.9 20,77 10,272 60.3 101,775 50,758 283.1 137,00 6 
cadens oh 3,3 5,556 221.3 1,633 ge 3267 12,701 6,922 19 a2 alae 3 15° iat tis: 3 
Connecticut TEN! iat 715 | BES. | AG | 8 LL 2.3/ 13,008| 6,103 | 33.9 ae 
Delaware 2,820 1,668 836 84 55 28 -= 7,120 3,602 31. 8,813 4 is 
Florida L565 21,135 11,008 329-7 5,860 3,018 12.3 15,038 73587 i6: an ; 21 670. 
Georgia ho 21,355 10 ae, 3605 te ea cestoal 60 222 29 eo 7 ; 
Idaho 3,011 ey pon 7,35 312.6 3,543 2,212 72.8 10,215 6,523 189.5 25,899 16,091 sTi.9 
Illinois 9,857 39,6 21,667 209.1 25,3 12,727 237.9 62,07 5 0 127,40 66,836 ° 
Indiana 10,525 | Bar 19,519 170.1 11,165 20muls echs)sl| ee ine 180.2 7e207 9,91 e:3 
Iowa 4,275 UieoD9 9,253 570-44 8, 629 5,218 62.5 13, Il 6,660 Shh.5 39,308 21,131 | 1 M77 els 
Kansas 526 11,810 7829 | 956.4 9,330 i,.557 G16 ul, tas Iamee cosa tae. e ; a7% 2,087 
Kengeky 332 1,122 19),.8 7,283 4,019 96.7 19,931 10,016 306. 8 | £3336 al 23 é 3 
Louisiana h, 108 16,713 8,385 12.1 8,869 h, heh 58.4 23,005 11,017 121.3 8,587 23,826 03.8 
oe : 1,16 9,996 2903 86. Le 231 : 13,997 _ 6,748 86.5 2h,3 it oe2 ; a 
arylan 7,95 10,005 ,176 79. 2,952 1,338 26. Oly L779 38.9 | 21,60. 11,293 le: 
Sveabeaczreeirs 8,618 8,620 4,455 16.7 858 le9 ~~ 0,356 19,220 0.1 L983 2,10. 6.8 
Michigan 8,163 29) 18 ‘2 585.6 7,991 h, 027 188.6 55.558 2),,105 237.1 92, "9c bes 1,021.23 
| Minnesota 4,875 12,078 6,611 9h3.6 10,769 Bs 6 8,93 UB4.8 | Peo bisl 2 21,15 2,213.0 
Mississippi 2,083 17,106 8,617 58.6 ,085 2,52 235.9 20,81 10,537 bs6: 672 21,6 1 ol 
Missouri 10,157 16,989 8,917 825 6 ,897 ish 179.7 55,52 28131 79.8 bi ies i508 ‘ pe" 
fe Shae Sees 7,086 13,506 2596 275 2,853 | __-16,966 285.0 35 376 21,665 
Nebraska 13,08), 13,210 7,073 56.9 4,753 2,705 167.1 12,))58 6,784 285.1 30,21 16,562 
Nevada 571 3360 "55 73.8 883 739 5.6 6,261 °8 178.2 i, i 87. 
Se 2,311 083 ,0l2 18.6 | 1,070 3 | 78:o|_gtaee|—at088 48:9 | 2395 Stabr | “chs 
New Jersey 6,138 8,952 4,397 63 2 2,094 962 3.0 31,671 15,312 8.1 1 20,671 10). 
Rew Mexice 15 "ahs , 089 113.9 3,189 2,019 69.6 73038 ih ips 127.9 ey . 31a 
eo ee eel ron 91,6981 ,018 199.9 2997 | 20,531 r 17.1 | 126,376 |__58,5 Bei} Ball 258,671 127,09h 2.9 
North Carolina 5 22,781 11,033 453.2 4,570 2,232 189.6 32,026 15,425 597.0 99377 28,690 | 1,239.8 
Ohio Dakota 3°Lie 5, 3h4 , 086 9531 7,888 a5) 499.9 9,028 feds 656.5 BB°aLb 11 ae 3300.5 
8,357 2i7e | 11,796 | 1021 | 23,850 62.2} 79,483 | Lo.198 | 101.6 @.lio | "332.9 
Oklahoma 11,917 8,332 bh, 605 186.7 6,002 3,162 92.8 16,309 8,571 239.8 30, 6143 16,338 19. 
ae » 308 858 Les 15.2 212 2,250 103. ee 9 9,162 giees 19,8 11°87 3 ee 
07 1 20,1 Mh | 26:465 | 123501 | 6 8 133152 | 21622 | 15675 _wiole | 36733 
Rhode Island 2,008 3,2 1,638 31. 161 80 -- 19,316 10,0 28. 22, ae 60.8 
South Caroling 5,936 7,881 4,371 178.1, 2,70 1,331 112.2 19,478 "086 377.9 50/063 15 78 698. 
_ South Dakota 1,363 9,938 2902 678.6 h,225 lo 20.7 | 8,1 ho 392.1 1361 35 ep || Sy RhlG 
Tennessee 4,301 16,73 9,25 537 oh 7,657 3,672 209 3 35,338 15,780 283.0 59,728 28,706 | 1,029. 
Bee 17,14 Lh 2,380 103.1 18,90 10,756 380.9 57, 31,068 900.1 80,714 Uy,20) rated 
‘ = = ae Wa ie 174.9 14,380 28) .6 
Wermont 7 ,501 2,435 9 1,486 7h3 nee le 8,839 yo, 60. 14,826 82 119.8 
Virginia 2,153 16,102 6,901 171.8 ,655 ney 112.2 33, 378 1 ae 2688 ae oh? ale 582.8 
Washington 2,538 9, 633 4,954 193.5 } , 606 2,536 91.1 t 14,522 | _—-7,689 109.7 28,761 15,179 39h.3 
West Virginia 5,289 6,847 3,454 3.2 3,960 2,004 6.2 19,700 9,863 157.4 30,50 15,321 206.8 
NY leconsia L, 675 14,057 7.657 | 7,L64 3,568 190.0 38,823 | 19,70 iol 60, 0,928 862. 
Wyoming & ols Be A. 65 One ee 9365 1) 7,672 one eG | 03 78° C02 50 2 
Hawaii ie 2,919 ah, 75 1,526 738 5.2 10,225 9h 19.4 1),,670 , 108 Qel- 
Distriegot, Seas 1,176 , 808 3,664 6.0 1,83 2,21, 2.0 11,118 5,282 1.9 237793 Nec 75/9 
Bs te 673 11,196 5, 3e2 57-3 1,17 572 4.8 WBS) | _Oneyy' Lye7 | 6 569 | 12 ,527 106.8 
TOTAL 283,470 729,350 381,076 |13,234.9 | 362,615 186 ,555 6,891.4 | 1,378,636 | 698,506 |13,339.0 | 2,470,631 1,266,137 geet 
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